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Analytical electron microscopy (AEM) has been used for the last ten years to
study precipitation produced in reactor-irradiated austenitic stainless
steels, such as AISI type 316.x These studies have provided the insight to
design irradiation resistant steels based on control of precipitiation. More
recently, similar insight into precipitation effects in steels allowed the
design of advanced austenitics that also exhibit outstanding thermal creep
resistance at 700°C. These steels have direct application for superheater/
reheater tubing materials that will withstand higher temperatures and
stresses in advanced steam cycle fossil power plants.2
In particular, AEM has been used to study fine particles (<10 nm in diam) on
extraction replicas using high brightness electron sources like the field
emission gun (FEG). These studies allowed alloy compositional modifications
to be selected that produced stable, fine precipitates for creep strength.
The equiaxed MC and needle phosphide phases were desired for strength because
both are very finely dispersed and stable at high temperatures in steels.
The Ti, V, and Nb additions were combined to produce a complex MC carbide due
to their strong mutual interaction as shown by previous AEM studies on that
phase.1'3 Figure 1 shows the x-ray EDS spectra of small MC particles taken
on a Philips EM400T/FEG. Complex (Ti,V,Nb)C carbides form in the advanced-
modified 14Cr-16Ni austenitics in contrast to the TiC or (Ti,Nb)C found in
more conventional superheater steels (alloy 800H - 20Cr-30Ni,Ti and
17Cr-14Ni,Cu,Mo,Ti,Nb, respectively). The P was added to produce an FeTiP
phase which also contains some Nb as well as V (V appears to enhance for-
mation of the phosphides).1
Figure 2(a) shows clearly that the creep resistance of the advanced modified
14Cr-16Ni austenitics is greatly improved relative to type 316, alloy 800H or
17-14 CuMo at 700°C and a high stress of 170 MPa. Figure 2(b) shows the
strong interaction between dislocations and the combination of MC and
phosphide precipitates observed after creep of the advanced-modified alloy,
using weak-beam dark field imaging on a Philips EM430T at 300 kV. This
observation suggests that these precipitates are primarily responsible for
the improved creep strength. This investigation illustrates the power of
advanced microanalytical technology that enabled precise and efficient alloy
development without empirically testing large matrices of alloy compositions."
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FIG. 1.—X-ray EDS spectra of MC particles on extraction replicas made from
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